Nuclear Factor I (NF1) is a DNA binding protein that is known to function in the replication of Adeno virus and also binds to many promoters recognized by RNA polyraerase II. We have found that there is also an NF1 binding site within the ribosomal gene promoter from Xenopus laevis as well as in several other promoters recognized by RNA polymerase I. The function of a binding site for a polymerase II transcription factor within a promoter recognized by polymerase I is not known. However, its presence suggests interesting regulatory possibilities.
INTRODUCTION
Nuclear Factor 1 (NF1) was first isolated on the basis of its ability to stimulate replication in vitro at the Adeno virus origin of replication and was subsequently purified through the use of specific oligonucleotide affinity chromatography (Rosenfeld and Kelly, 1986) . It has been proposed that this affinity purified NF1 is closely related to a transcription factor for RNA polymerase II that was independantly isolated on the basis of its binding to the CCAAT box homology as well as its ability to stimulate transcription in reconstituted in vitro systems (Jones e_t al. , 1987) . A more recent report (Chodosh e_t al., 1988) indicates that there exists a family of proteins that recognize variants of the CCAAT motif and it will probably require cloning and sequencing of the relevant genes and cDNAs before their precise relationships can be sorted out. Binding sites for the NF1 family have been reported in many transcriptional control regions including the MHTV LTR (Nowock e_t al., 1987) , the human alpha globin gene promoter (Jones et al., 1987) , a collagen gene promoter (Rossi e_t al., 1988 ) and the mouse albumin gene promoter (Lichtsteiner e_t al. i 1987) .
Although in many cases the function of NF1 binding has not been determined, it would appear that the precise role of NF1 can change from promoter to promoter depending upon the exact context in which it finds itself.
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both for replication and for RNA polymerase II transcription, MF1 can also bind to a promoter for RNA polymerase I.
MATERIALS AND METHODS

Preparation ^f nuclear extracts
Nuclear extracts from )L_ laevis livers were prepared as previously described (Reeder e_t al. , 1987 10,000 RPM (Sorvall HB-4 rotor). The extracts were frozen in aliquots and stored at -80°C. All buffers used to prepare extracts were freshly supplemented with the following mixture of protease inhibitors: 0.1 mM PMSF, 1 mM Na metabisulfite, 1 mM benzamidine, 2 ug/ml Aprotinin (Sigma), 2.5 ug/ml leupeptin (Sigma).
Partial purification of _the X^ laevis NFl-like activity An 11 ml column of DEAE Sepharose CL6B (Pharmacia) was equilibrated with dialysis buffer. 20 ml (100 mg protein) of nuclear extract was passed over the column, the flowthrough (containing the NFl-like activity) was collected and loaded onto a 2 ml Biorex-70 column (Biorad). The Biorex column was step eluted with dialysis buffer containing increasing amounts of K.C1. The NFl-like activity was eluted at 0.3M and 0.4 M KC1.
Plasmids and probes
The X^ laevis ribosomal gene promoter and various linker scanner mutants of it have been described previously (Reeder e_t al., 1987 (Bateman, et al, 1985) and was used for the footprints in Figure 7 . It was digested with Hind III, kinase labeled, recut with Eco RI, and the appropriate 250 bp fragment was isolated for footprinting.
DNase I footprinting
The footprinting method was adapted from the procedure of Galas and Schmitz (1978) . About 1 ng (10,000 CPM) of an end-labelled fragment was added to a 50 ul reaction containing 10% glycerol, 50 mM KC1, 0.1 mM EDTA, 10 ug/ml poly(dldC), 0.5 mM DTT, 10 mM HEPES pH 7.9, 2% (w/v) polyvinyl alcohol and various amounts of protein extract. After 15 min on ice, one volume of 10 mM MgC12, 5mM CaC12 was added at room temperature. DNase I, freshly diluted in cold water, was added to final concentrations of 4 ng/ml to 40 ug/ml depending on the protein concentration of the extract. After 1 min at room temperature the reaction was stopped with one volume of 1% SDS, 0.2 M NaCl, 250 ug/ml tRNA, 20 mM EDTA pH 8.0. The nucleic acids were then extracted with phenol/ chloroform, precipitated with ethanol, dissolved in formamide-dye mix, boiled for 3 mins and loaded on a DNA sequencing gel.
RESULTS
Characterization of an NFl-like activity i_n X^ laevis nuclear extracts
We have published a preliminary footprint analysis of the X^ laevis ribosomal gene promoter using a crude extract made from Xenopus liver nuclei (Reeder e_t al. , 1987) . This extract produces a number of changes in the DNase I digestion pattern, both protections and enhancements, over the entire promoter region. However, the major protection was seen to extend from about 13 bp region between -30 and -17. To verify this conclusion we synthesized a double-stranded oligonucleotide which contained this sequence (shown in Figure  2B as the wild type-oligo) and showed that a 100-fold molar excess of this oligonucleotide could effectively compete away the footprint (Figure 3) . A similar excess of a non-specific competitor had no effect. We also found an apparent binding site within the promoter for the ribosomal genes of Acanthamoeba ( Figure 6 ). The NFl-like activity in the Xenopus extract protects this site. The specificity of the binding is demonstrated by the fact that the footprint is competed away by the specific UT-oligo but not by an oligonucleotide bearing the LS -29/-21 mutation ( Figure   7 ). The NF1 binding site in the Acanthamoeba promoter is within motif B, a domain that is also protected by TIF, the (apparently single) transcription factor required in addition to polymerase to assemble the stable preinitiation complex in vitro (Iida e_t al. , 1985; Bateman et^ al. , 1985; Kownin e_t al. , 1987) . Motif B appears to be required for stable complex formation although it is not absolutely required for transcription .
We have tried footprinting the Xenopus NFl-like activity on the mouse and human ribosomal gene promoters but so far have failed to detect any footprints that are specifically competed by the WT oligo (data not shown). It is also possible that the NF1 binding site is involved in replication and not in transcription. A recent review by DePamphilis (1988) contained the interesting speculation that origins of replication containing NF1 sites might be utilized for gene amplification, an event which is well-known to occur on the Xenopus ribosomal genes.
As mentioned earlier, the NF1 and CCAAT binding proteins probably comprise a family of distinct proteins (Chodosh, 1988 ). The precise member of this family that recognizes the Xenopus polymerase I promoter is unknown at present.
We should remain alert to the possibility that there may even be a nucleolusspecific member of the NF1 family.
